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COMPLEMENT FIXATION WITH ACID-FAST BACTERIA 

II. IN LEPROSY 
J. V. Cooke 

From the Department of Pathology and Bacteriology, University of California, and the 

Department of Bacteriology, College of Physicians and Surgeons, 

Columbia University, New York 

During the past decade, the study of leper serums with various 
antigens by the fixation test has interested a number of observers in 
various places. A correct comparison of the results of the many obser- 
vations is rendered difficult because, not only has the technic of the 
reaction varied, but the kind of antigen used in the tests has been 
modified in numerous ways. In general, the recorded observations 
may be divided into three groups: (1) Wassermann reactions, (2) 
complement fixations with the use of tissue extracts, and (3) tests 
with bacterial antigens. It is rather striking that no matter what kind 
of antigen has been used, a certain proportion of positive results has 
been obtained. Some have reported a high percentage of positive tests, 
while others have obtained only a relatively small percentage. Appar- 
ently, all have felt that fixation antibodies are present in the leper 
serum, and the variety of antigens employed is an evidence of the 
search for the one that would constantly react with all or a large pro- 
portion of the cases. 

From time to time partial and frequently inaccurate compilations 
of the work of investigators in this field have been made, but no com- 
prehensive collection or analysis of cases occurs in the literature. Since 
it was found possible in the course of this investigation to review all 
of the original publications, it was thought desirable to tabulate the 
results of this study which comprises all the previously reported work 
on fixation in leprosy. Some care has been taken to make the 
bibliography complete, and it seems certain that this report contains 
all the reactions reported with the possible exception of certain isolated 
cases included with work not closely related and consequently 
extremely difficult of access. An additional reason for tabulating the 
cases is to illustrate the relation of my own studies to those of other 
investigators and to point out some rather fundamental features in 
fixation reactions with leper serums that have apparently not been 
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understood previously. In some instances a regrouping of the cases 
reported by certain authors has been rendered necessary by the 
arrangement adopted in the tables. Occasionally, I have taken the 
liberty of making certain slight alterations in authors' figures that 
seemed quite justified. For example, serums that were anticomple- 
mentary have been omitted entirely even though they had been included 
as "positive" by the author. Again, cases called "weak positive" have 
been included under positive while those reported as "very faint 
inhibition," "very faintly positive," "almost complete hemolysis," or 
"doubtful" have been placed with the negative cases. 

One criticism that applies to a very large part of the work is the 
lack of proper controls. With regard to the Wassermann reactions 
this omission is probably less important, since this test has been per- 
formed on such a large scale on so many diseases. Very few authors 
made any but casual mention of any series of control serums tested, 
although it is possible that such omissions were merely due to the fact 
that it was not thought necessary to mention them. With regard to 
the other antigens, however, one can only assume that the very few 
control serums mentioned were the only ones tested. Obviously, the 
specificity of the reaction should have been controlled, not only by the 
use of a considerable number of serums from diseases other than 
leprosy, but also by the use of other antigens prepared from unrelated 
tissues or bacteria. This procedure has been carried out by only a 
very few. 

THE WASSERMANN REACTION IN LEPROSY 

The antigens used in Wassermann reactions have included alcoholic extracts 
of human and guinea-pig heart, normal and syphilitic liver, syphilitic fetus 
and the acetone insoluble lipoid antigen of Noguchi. Since it is generally 
agreed that these various methods of preparing lipoidal antigens have little 
effect on the result of the reactions, no attempt has been made to group the 
cases according to the antigen used. 

The presence of fixation antibodies in leper serum with the various lipoid 
antigens used in the Wassermann reaction has been rather a pathologic curi- 
osity. As may be seen by table 1, 42 investigators have made more or less 
extended studies on this phenomenon. One or two writers have been inter- 
ested to determine whether leprosy causes a positive Wassermann reaction or 
whether a relatively high percentage of lepers have syphilis, but unfortunately 
there are few reported studies of unselected control groups of cases without 
leprosy to determine the percentage of latent syphilis. As a rule, however, 
the number of lepers giving a positive Wassermann is high enough to justify 
the conclusion that leprosy alone may cause the blood to contain substances 
that give fixation with lipoidal antigens. That the proportion of leper serums 
giving a positive Wassermann test is probably not so great as is generally 
considered is indicated by a summary of all the reported cases. In all there 
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table 1 

Wassermann Reaction in Leprosy 



Name oi Author 



1. Eitner 

2. Wechselmann 

3. Slatineanu and 

Danielopolu 

4. Masslakowetz 

5. Jundell, Almkvist 

and Sandman 

6. Brack and Gess- 

ner 

7. Castelli 

8. Ehlers and Bour- 

ret 

9. Eliasberg 

10. Fleming 

11. Frugoni 

12. Inouye, Ito and 

Nakano 

13. Noguchi 

14. Serra 

15. Akerberg, Almk- 

vist and Jundell 

16. Babes and Busila 

17. Baermann and 

Netter 

18. Fox 

19. Meier 

20. Montesano and 

Sotiriades 

21. Nishiura 

22. Steffenhagen 

23. Tbomsen and 

Bjarnhjedinson 

24. Bloomberg 

25. Duval and Gurd... 

26. D e H a a n and 

Grijns 

27. Krefting 

28. Muller and Suess.. 

29. Schmitt 

30. Bates 

31. Photinos and 

Michaelides 

32. Bacamora 

33. Schiiffner 

34. Wills 

35. Clegg 

36. Kritchewsky and 

Bierger 

37. Lagane and Col- 

umbier 

38. Schmitter 

39. Fletcher 

40. Mathis and Bau- 

jean 

41. Nakajo and Asa- 

42. S o r d e 1 1 i and 

Fischer 



Totals. 



Tear 



1908 
1908 

1908 

1908 

1908 

1909 

1909 
1909 

1909 
1909 
1909 

1909 

1909 
1909 
1910 

1910 
1910 

1910 
1910 
1910 

1910 
1910 
1910 

1911 
1911 
1911 

1911 
1911 
1911 
1912 
1912 

1912 

1912 
1912 
1913 
1913 

1913 

1914 

1915 

1915 
1915 
1916 



All 

Cases 

Leprosy 



Num- 
ber 



10 

1 
5 

50 
2 

4 

39 

10 
17 
14 

9 
140 

fiO 
31 

48 

13S 
5 

50 

21 

27 
18 



7 
42 
204 

19 

32 
10 
24 
17 



25 
100 



80 



1,397 



Per 
Cent 
Posi 
tive 



100 
100 

76 

56 

35 

50 
100 



56 

100 

75 

38 

70 
76 
15 



100 

100 

71 

47 

56 

74 

26 
40 
46 
71 

71 

80 
22 



61 



50 



Nodular 
and 

Mixed 



Num- 
ber 



14 
5 

8 

124 

38 
19 
36 

67 

31 



5 

104 
17 
32 

ii 



723 



Per 
Cent. 
Posi- 
tive 



81 



40 
100 



100 
80 

75 

82 



100 
67 

27 
2 
74 



Anes- 
thetic 

Cases 



Num 
ber 



19 



16 



2 

100 

2 

'6 

4 

56 
1 
5 



405 



Per 
Cent 
Posi 

tive 



16 



Eemarks 



Fixation also with 1 per cent, 
lecithin 

Spinal fluid gave positive 
reaction in 6 cases 

Controls: 2 syphilitics posi- 
tive, 1 normal, negative 

2 other cases anticomplemen- 
tary; 1 case suspected leprosy 
negative 



39 other serums were partially 
anticomplement ary 



1 positive case has clinical 
syphilis 



Supplementary report to (5) 

Used 0.2 to 0.8 e c of serum 
In 100 normal (Chinese) con- 
trols 25 per cent, positive 



53 per cent, were positive with 
active serum 



2 of the negative eases were 

"doubtful" 
Negative with another antigen 



Salvarsan had no effect on 
reaction 



All positives were nodular type 



10 per cent, of 110 cases ma- 
laria and beriberi positive 

Positive case had clinical 
syphilis 



1 case anticomplementary not 
included; 103 cases not lep- 
rosy gave 13 positives 
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have been collected 1,397 cases of leprosy of which 705 or 50.4% have given 
a positive reaction. The general impression that one gets from statements in 
textbooks and articles discussing the Wassermann reaction in leprosy is that 
the percentage of positive results is considerably higher than this figure, 
although no previous analysis of such a large series has been attempted. 

The relation of the type of the disease to the presence of a positive reaction 
may be determined by an analysis of those cases in which the observer classi- 
fied the cases studied. In this, cases of nodular or skin leprosy have been 
grouped with those having evidences of the disease both in the skin and nerves 
— the so-called mixed type — and the purely nerve or anesthetic cases have been 
grouped separately. Seven hundred and twenty-three cases of nodular and 
mixed leprosy have given 433 positive reactions, or 60%, while of the 405 
cases of anesthetic leprosy, only 103, or 25.4%, were positive. That these 
figures are comparable to the large group of all the reported cases is shown 
by combining them — 1,128 cases with 536, or 47.5%, positive. 

To summarize approximately these results, it will be seen that half 
of all the cases of leprosy studied have given a positive Wassermann 
reaction, while three fifths of the nodular and mixed cases and one 
fourth of the purely anesthetic type have reacted positively. Since 
this fixation is a lipoidal reaction and admittedly nonspecific, no dis- 
cussion of its significance will be made here. It is obvious, however, 
that while a certain proportion of the positive fixations may be 
accounted for by a coincident syphilitic infection, the percentage is 
entirely too high to be explained by this factor alone, and we must 
conclude that infection with the Hansen bacillus may cause the appear- 
ance in the blood of substances capable of giving a positive Wasser- 
mann reaction, and that these substances are more frequently present 
in cases with skin lesions, than in cases with nerve lesions alone. 

TISSUE EXTRACT ANTIGENS 

In reviewing the results of complement fixation in leprosy with antigens 
made from tissue extracts, two groups have been made: (1) alcoholic, and 
(2) aqueous extracts of tissues. The first group is tabulated in table 2. The 
preparation of these antigens is essentially similar to that used for Wasser- 
mann antigens except that lepromas were extracted by alcohol and in a few 
instances the ether soluble substances of such tissue were used also. Such 
antigens are evidently essentially lipoidal and their use should give results 
similar to those obtained in the Wassermann series. By referring to the 
table, it will be seen that of the 210 cases tested with these antigens 110 or 
52% were positive. In almost all of these the type of disease is stated and 
82 (75%) of the 109 tubercular and mixed cases, with only 23 (25%) of the 
91 purely anesthetic cases were positive. Even this relatively small series 
shows a rather close relation to the percentages found by using the usual 
lipoidal Wassermann antigen (table 1), and there seems no doubt that fixa- 
tion with leper serums and alcoholic extract of leproma as antigen has no 
more specificity than the Wassermann reaction in similar cases. This is further 
shown by the work of Frugoni and Pisani, who obtained somewhat better 
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results with the use of alcoholic extracts of sarcoma and carcinoma as antigen 
than with the leproma extract. 

TABLE 2 
Complement Fixation in Leprosy with Tissue Extract Antigens (Alcoholic) 



Author 


Tear 


Antigen 
Alcoholic 
Extract of 


All 

Cases 

Leprosy 


Nodular 

and 

Mixed 


Anes- 
thetic 
Cases 


Remarks 


Num- 
ber 


Per 

Cent. 
Posi- 
tive 


1 Per 

Num- Cent. 

ber Posi- 

| tive 


Num- 
ber 


Per 
Cent. 
Posi- 
tive 


1. Babes and 

Busila* 
Babes and 
Busila 

2. Frugoni and 

Pisani* 
Frugoni ' and 

Pisani. 
Frugoni and 

Pisani 


1909 
1909 
1909 
1909 
1909 
1909 

1910 
1911 

1912 

1915 

1915 


Lepromast 

Normal 

skint 

Lepromas 

Sarcoma 

Carcinoma 

Lepromas 

Leprous 
liver 

Rat leprosy 

tissues} 

Alcoholic 
ether ex- 
trace ol 
lepromas 
Same 

Lepromas 


5 
5 
10 
11 
11 
18 

135 

7 

9 
7 
19 


100 


50 
73 
64 

78 

44 
100 

56 

57 

58 


5 
5 

14 

67 
5 

5 

i 

9 


100 


92 

64 
100 

80 

100 

89 


4 

68 
2 

4 

3 

10 


25 

24 
100 

25 



30 


1 of 3cases of syph- 
ilis was positive 

3 cases of syphilis 
negative 

1 of anesthetic 


7. Jeanselme and 

Vernes 

8. Nakajo and 

Asakura 


cases "doubtful"; 
2 cases syringo- 
myelia negative 

i of 10 cases of 
syphilis were posi- 
tive 

Of 5 cases of syph- 
ilis 3 were posi- 
tive; 7 cases vari- 
ous diseases neg. 

1 normal person 
and 2 out of 8 
syphilitics gave 
positive reactions 

32 of 40 cases of 
syphilis were posi- 
tive; 21 normal 
persons negative 








210 


52 


109 


75 


91 


25 













* Only tests with leproma antigen included in totals. 

t Ether extract used. 

} Acetone insoluble fraction (Noguchi). 

The aqueous tissue extracts used as antigen were made by grinding fresh 
or dried lepromas with salt solution, and allowing the coarser particles to sedi- 
ment. The supernatent slightly turbid fluid was preserved with a small amount 
of phenol or other antiseptic and used as antigen after testing its anticom- 
plementary properties. Any variation of this technic used did not essentially 
alter the character of the antigen with the possible exception of two observers 
who used antiforminized lepromas as antigen. The results with such extracts 
are given in table 3. Two hundred and three or 66% of the 309 cases of 
leprosy gave positive reactions. One hundred and forty-four cases of nodular 
or mixed leprosy showed 121 or 84% positive while 56 or 41% of the 137 
cases of the anesthetic type reacted positively. Among the relatively few 
control cases of other diseases tested with these antigens, certain cases of 
syphilis and of tuberculosis have reacted positively. The probable explana- 
tion of these reactions will be discussed later. 



Complement Fixation in Leprosy 



479 



TABLE 3 

Complement Fixation in Leprosy with Tissue Extract Antigens (Aqueous) 









All 


Nodular 


Anes- 










Oases 


and 


thetic 








Antigen 


Leprosy 


Mixed 


Cases 




Author 


Year 


Aqueous 
Extract of 












Remarks 




Per 




Per 




Per 








Num- 


Cent. 


Num- 


Cent. 


Num- 


Cent. 










ber 


Posi- 
tive 


ber 


Posi- 
tive 


ber 


Posi- 
tive 




1. Eitner 


1906 


Lepromas 


1 


100 


1 


100 










1908 


Lepromas 


1 


100 












3. Gaucher and 


1908 


Lepromas 


9 


100 


8 


100 


1 


100 


Meases syphilis and 


Abrami 


















8 cases syringo- 
myelia negative; 3 
of 10 cases tuber- 
culosis positive 


4. Slatine'anu and 


1908 


Lepromas 


26 


92 










11 of the 19 cases 


Danielopolu 


















gave positive re- 
action with spinal 
fluid 




1909 


Lepromas 


16 


9 


5 


20 


11 


9 


11 of the cases gave 
"doubtful" reac- 






































tions 


6. Pasini 


1909 


Lepromas 


3 


67 


3 


67 










1909 


Lepromas 


17 


88 


14 


100 


3 


33 






1909 


Normal 


17 


76 


14 


93 


3 





Control 






organs 
















9. Sugai 


1909 


Lepromas 


2 


100 


1 


100 


1 


100 


5 other cases anti- 


















complementary 


10. Akerberg, Jun- 


1910 


Lepromas 


28 


34 


12 


67 


16 


13 


11 of 17 cases syph- 


dell and Almk- 


















ilis were positive; 


vist 


















6 of 11 cases syph- 
ilis and gonorrhea 
with negative 
Wassermann gave 
positive reaction 


11. Babes and 


1910 


Lepromas 


9 


100 


7 


100 


2 


100 


Used 0.2 to 0.6 c c 


Busila 


















serum 




1910 


Lepromas 


141 


65 


67 


82 


74 


50 


Slightly higher per 
cent, of positive 
reactions with 
aqueous extract 
of leprous liver 
antigen 


13. Steffenhagen.... 


1910 


Antifor- 
minized 
lepromas 


5 


80 


5 


80 








14. Thomsen and 


1910 


Lepromas 


19 


16 


3 


100 


16 





Same results with 


Bjarnbjedin- 


















normal skin anti- 


son 


















gen; 3 cases syph- 
ilis positive 


15. B i e h I e r and 


1911 


Antifor- 


18 


94 


8 


100 


10 


90 




Eliasberg 




minized 
lepromas 
















16. Clegg, McCoy 


1914 


Lepromas 


13 


85 


10 


90 


3 


67 


4 normal controls 


and Hollman 


















negative; 1 of 2 
cases pulmonary 
tuberculosis pos. 


Totals 






308 


66 


144 


84 


137 


41 













The proportion of positive fixation, therefore, in all types of 
leprosy, is higher when aqueous extracts of lepromas are used than 
when alcoholic extracts of leprous or other tissues are employed as 
antigen. Such aqueous leproma extracts, beside certain lipoidal and 
other substances probably giving a nonspecific fixation, must contain 
in addition enormous numbers of acid-fast bacilli since the skin 
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nodules of leprosy are usually filled with micro-organisms. It is quite 
likely that these Hansen bacilli add a definite specificity to the antigen 
and may be largely responsible for the higher percentages. The results 
of Steffenhagen and Biehler and Eliasberg, who obtained more than 
80% of positive reactions by using antiforminized lepromas as antigen, 
support this view, since such an antigen contains less nonspecific tissue 
juices and relatively more acid-fast bacilli. On the other hand, Serra 
and Thomsen and Bjarnhjedinson obtained almost as good results 
with aqueous extracts of normal organs as with lepromas, although 
the latter observers' figures are unusually low. 



TABLE 

Complement Fixation in Leprosy with 


4 
Bacterial 


Antigen (Tuberculin) 


Author 


Tear 


All 

Oases 
Leprosy 


Nodular 

and 

Mixed 


Anes- 
thetic 
Cases 


Remarks 


Num- 
ber 


Per 
Cent. 
Posi- 
tive 


Num- 
ber 


Per 
Cent. 
Posi- 
tive 


Num- 
ber 


Per 
Cent. 
Posi- 
tive 


1. Slatineanu and Danielopolu.. . 


1908 
1909 
1910 
1910 
1910 
1913 
1915 

1916 
1916 


19 
10 
9 
9 
5 
32 
38 

10 

48 


58 
20 
89 
89 
60 
63 
63 

70 
83 


7 
9 
5 

23 


100 
89 
60 

79 


2 
15 


50 
33 






















1 other case anti- 




complementary 




4 other cases anti- 




complementary 


Totals 




180 


68 


a 


84 


17 


35 











BACTERIAL ANTIGENS 

The cases in which bacterial antigens have been used have also been 
divided into two groups: (1) those tested with tuberculin as antigen, and 
(2) those in which bacillary emulsions have been used. The first group is 
tabulated in table 4. Apparently Koch's "old tuberculin" was used in most 
instances. Of 180 cases so tested, 123, or 68%, were positive. The type of 
leprosy was mentioned in only about a third of the cases, 44 being of the 
nodular or mixed variety and 17 anesthetic; 84% of the former and 35% of 
the latter were positive. Tuberculin, then, seems to act as well, or possibly 
slightly better, than aqueous extracts of lepromas as antigen. 

The use of bacillary emulsion antigens has been limited to a relatively small 
number of cases which are tabulated in table 5. Suspensions of acid-fast 
bacilli were used in every instance. Several investigators have used tubercle 
bacilli, while others have used strains of acid-fast organisms isolated from 
lepers, but there has been relatively little variation in the results obtained 
with the use of the several organisms employed. Currie and Clegg, for 
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example, tested the serums of four lepers with antigens prepared from several 
strains of acid-fast bacilli isolated from lepers, as well as extracts and 
emulsions of B. smegmatis and B. margarin, two saprophytic acid-fast bacilli. 
Their results were somewhat irregular, all organisms giving fixations of vary- 
ing degree with all the cases tested and they concluded that they were unable 
to differentiate between the various acid-fast bacilli in this manner. Duval 

TABLE 5 

Complement Fixation in Leprosy with Bacterial Antigens (Bacillary Emulsions) 



Author 


Year 


Antigen 

Cultures of 

Bacillus 


All 

Oases 

Leprosy 


Nodular 

and 

Mixed 


Anes- 
thetic 
Cases 


Eemarks 


Num- 
ber 


Per 

Cent. 
Posi- 
tive 


Num- 
ber 


Per 

Cent. 
Posi- 
tive 


Num- 
ber 


Per 
Cent. 
Posi- 
tive 


1. Frugoni and 

Pisani 

4. Currie and Olegg 

5. Duval and Gurd.. 


1909 
1909 
1910 

1910 
1911 

1912 

1912 

1912 

1912 
1912 
1912 

1913 

1912 

1913 

1913 
1913 


Tubercu- 
losis 
Eat leprosy 

Tubercu- 
losis 

Various 

acid-fasts 

Leprae of 

Duval 

Leprae of 
Kedrowsky 

Human tu- 
berculosis 

Bovine tu- 
berculosis 
"Urine" 

Blindworm 

Timothy 

grass 

Human tu- 
berculosis 
Leprae of 

Kedrowsky 

Leprae of 
Duval 

Korn I 
Typhosus 


11 

24 
5 

4 

27 

1 

9 

11 

9 
9 
9 

8 

28 

28 

11 
11 


73 

92 

. 60 

100 
85 

100 

67 

64 

56 
44 
56 

88 

68 

7 





18 
5 

3 

22 

7 
20 

20 

11 


100 
60 

100 
95 

86 
90 

10 




6 
5 

1 
8 

8 


67 
40 

100 
13 




1 other case anti- 
complementary 

2 cases gave posi- 
tive reaction with 
antigen of ty- 
phoid bacilli 

7 normal serums 
gave negative re- 
actions but 22 of 
23 cases of syph- 


7. Wills* 


ilis gave positive 
reactions 


8. Kritchewsky and 
Bierger* 


Using 0.8 c c, 5 of 
the negative 
serums became 
positive 

5 nodular and 2 
nervous cases 
gave "feebly posi- 
tive" reaction 

2 cases gave "feebly 
positive" reaction 








89 


83 


55 


93 


12 


58 













Only the tests using human tubercle bacilli antigen are counted in the totals. 



and Gurd, using an acid-fast organism isolated by the senior author as antigen, 
obtained a large percentage of positive fixations in lepers and an equally large 
percentage in syphilitics, both groups giving a positive Wassermann test. In 
other words, the emulsion of acid-fast bacilli was indistinguishable in its anti- 
genic action in syphilis and leprosy from the usual lipoidal antigens. Steffen- 
hagen noted that 2 out of 5 cases of leprosy tested by him gave positive fixa- 
tion using an emulsion of typhoid bacilli as antigen. Wills found that several 
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strains of acid-fast organisms acted almost equally well as antigen with leper 
serums, but Kritchewsky and Bierger conclude that Kedrowsky's strain of 
B. leprae is superior in its antigenic properties to the other organisms studied 
and were unable to obtain fixation in leper serum with a B. typhosus antigen. 

On the whole, bacillary emulsions have somewhat better antigenic 
properties than the other antigens used in leprosy, although the group 
of cases studied in this manner is small. 

In table 6, the totals of all the groups are summarized and the pro- 
portion of positive fixations indicated. It is rather striking to note 
the gradually increasing percentage of positive results with the differ- 
ent types of antigens, the Wassermann antigen giving the lowest 
percentage and the bacillary emulsion antigens the highest. 

Certain features of the analysis of the results of complement 
fixation in leprosy with various antigens may be briefly stated. 





Summary of Positive 


TABLE 6 
Fixation Tests in Leprosy; All 


Antigens 


Table 


Antigen 


All Cases 

Leprosy 

with per Cent. 

Positive 


Total 
Skin Cases , 
with per Cent 
Positive 


Total 

Nerve Cases 

with per Cent. 

Positive 


1 




(1,397) 50 

(210) 52 

(308) 66 

(180) 68 

(89) 83 


(723) 60 
(109) 75 
(144) 84 
(44) 84 
(55) 93 


(405) 25 


2 
3 

4 


Alcoholic leproma extract.... 
Aqueous leproma extract 


(91) 25 

(137) 41 

(17) 35 


5 




(12) 58 









The serum in leprosy contains fixation bodies that can be recog- 
nized in about half the cases by the use of lipoidal antigens. When 
extracts or emulsions of acid-fast organisms are used as antigen, 
positive fixation- can be obtained in a considerably larger percentage. 
With all antigens there is a striking difference between the number 
of cases of leprosy with skin lesions that give a positive fixation when 
compared with the cases having nerve lesions alone. The relatively 
smaller number of the latter cases giving positive reactions may be due 
to the absence of fixation substances in many of these cases, but 
possibly is an evidence of a lower concentration of such substances in 
the serum. 

The most fundamental and serious criticism to which all the work 
is open, is with regard to the apparent lack of specificity of such fixa- 
tion tests. With lipoidal antigens such as are used in the Wassermann 
reaction, the fixation test in leprosy is certainly no more specific than 
in syphilis. Alcoholic and aqueous extracts of leprous tissues belong 



Complement Fixation in Leprosy 483 

to the same group and are open to the same objection since apparently 
aqueous extracts of tumors have equally good antigenic qualities. 
Probably the chief interest centers in the use of bacterial antigens since 
if specificity can be shown in the reaction, these antigens should offer 
a better opportunity for its demonstration than any others now avail- 
able. The absence of suitable controls of tests in other diseases in the 
work with tuberculin as antigen renders this material of little value in 
the present discussion. Regarding the bacillary emulsion antigens, 
however, it has been noted that, together with tubercle bacilli and 
organisms isolated from lepers, other acid-fast bacilli act almost 
equally as well as antigen; that emulsions of typhoid bacilli have 
antigenic properties with some cases of leprosy; and that many cases 
of syphilis react with the bacillary emulsions as antigen. All these 
factors, then, throw doubt on the specificity of the fixation reactions 
in leprosy. 

In the experimental work in the following portion of this paper, 
a study has been made of the fixation substances in leper serums with 
various acid-fast antigens by a method resembling that employed with 
immune rabbit serums. The specificity of the reaction has been 
investigated by making quantitative determinations of such antibodies 
with acid-fast antigens, with antigens made from nonacid-fast organ- 
isms, and with a lipoidal (Wassermann) antigen. 

In the previous paper a quantitative study was made of the fixation 
antibodies in rabbits immunized with various members of the acid- 
fast group of bacteria as antigens. It was shown that in such immune 
serums there is a fixation antibody which reacts with many acid-fast 
bacteria, and that there is a tendency for certain organisms to form 
subgroups. This reaction is specific for this group, and may be termed 
acid-fast fixation. It was noted also that rabbit serums of high titer 
contained bodies which, in lower dilutions only, gave a nonspecific 
fixation with antigens made from various nonacid-fast bacteria. This 
nonspecific fixation is demonstrable in other serums of high titer, and 
may be a variety of sensitization to all bacterial protein, or associated 
with the lipoidal material of bacterial cells. 

The present paper consists of a study of the fixation properties 
of a series of leper serums with acid-fast bacterial antigens. Although 
it may not be generally conceded that the specific cause of leprosy has 
been grown artificially, the disease is certainly an infection by an acid- 
fast organisms, and the serum might be expected to contain fixing 
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substances which would react with antigens of acid-fast bacteria — 
an acid-fast fixation. 

The difficulty in securing a large series of leprosy cases in the 
United States unless one is situated near one of the endemic foci, is 
obvious. However, the chief purpose in making this study was to 
determine the presence in leper serums of fixation antibodies for acid- 
fast antigens, and to compare the concentration of such antibodies in 
cases of different clinical types and severity. It has been possible to 
do this satisfactorily with the relatively small series of cases at my 
disposal. 

METHODS 

The material for study was obtained from 15 lepers from the Louisiana 
Leper Home through the cooperation of Dr. Ralph Hopkins of New Orleans, 
and from 5 cases from the University of California Dispensary through the 
kindness of Dr. Howard Morrow of San Francisco. The blood was obtained 
in the usual way by venous puncture, and the serum sealed in ampules, inac- 
tivated and kept in the icebox until used. Some of the serums were tested 
immediately, but others were kept for several months before the reactions were 
done. In none did any anticomplementary action develop. Each serum was 
reinactivated for 5 minutes immediately before use in the tests. This lack of 
anticomplementary action was attributed to the fact that the serums were 
sterile, sealed and kept at icebox temperature. That such serums may be 
kept for considerable periods with little deterioration is' indicated by the 
fact that two serums reacting positively were retested after having been 
kept for 3 years with practically identical results. 

The technic of the fixation test has not varied from that described pre- 
viously in connection with the second series of experiments with immune 
rabbit serums. The antigens used were the same as those employed in the tests 
of immune rabbit serums reported earlier in another paper, and the amounts used 
in each test were identical with those used in the same tests. Unfortunately, 
the amount of serum available did not permit the testing of each serum with 
every antigen, so that certain antigens were necessarily omitted from the tests 
for lack of material. Every serum, however, was tested with several antigens. 
A simple lipoid antigen was also used in testing each of the serums. This 
was so-called simple alcoholic antigen such as is used in the Wassermann 
reaction, and was made by extraction of beef heart with ethyl alcohol in the 
usual way. The dose used was less than half the anticomplementary amount, 
and contained at least five antigenic units when tested with syphilitic serum. 
All patients' serums were titrated with a constant amount of antigen in making 
the tests. Starting with 0.2 c c of serum, gradually decreasing amounts were 
used until the minimal fixing dose was determined. Controls for anticomple- 
mentary action of double the antigen dose, and of the largest amount of 
serum used, were always included. 

In table 7 is shown the minimal fixing dose of each of the various 
leprosy serums tested with several acid-fast antigens, and the lipoidal 
antigen. Some of the cases were tested also with similar antigens of 
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B. typhosus and a diphtheroid bacillus. The cases, a brief clinical 
summary of which will be found at the end of the paper, were num- 
bered after the tests were performed in order to simplify the table. 
No tests of normal or control serums are shown, although many 
normal individuals and persons suffering from other diseases have 
been examined. These will be given in the following paper. It is 
sufficient to state here that other serums do not react with these acid- 
fast antigens except those from patients with tuberculosis. 

TABLE 7 
Complement Fixation with Leprosy Serums and Various Antigens 



Antigens 



B. leprae — Duval 
(chrome) 

B. leprae — Levy 

B. leprae— B 

B. leprae — F 

B. leprae — G 

B. leprae — H 

B. leprae — Hansen 
(from skin) 

B. leprae— Kedrow- 



0.0O2 
0.004 
0.001 



0.001 iO.OOS 
0.001 0.006 
0.001 0.006 



B. leprae — Duval 

(nonchrome) 

B. tuberculosis — 

human 

B. tuberculosis — 

bovine 

B. tuberculosis — 

avian 

tuberculosis — 

turtle 

B. smegmatis 

B. of butter 

B. of timothy 

B. typhosus 

B. diphtheroid 

Lipoid (Wasser- 

mann) 



B 



Minimal Fixing Dose of Serums from Leprosy Cases in c c 



0.008 
0.03 

0.004 



0.006 

0.004 

0.004 

0.002 

0.004 

0.002 

0.004 
0.004 
0.001 10.006 
0.001 0.006 



0.002 

0.002 

0.0005 

0.001 

0.0O1 

0.001 
0.0005 



0.01 

0.03 

0.006 

0.03 

0.008 

0.03 

0.006 

0. 

0.006 

O.0O4 

0.004 



0.05 



0.01 



0.05 

0.006 

0.006 

0.008 

0.008 



0.05 
0.05 



o.ooe^.ooe 

0.05 0.01 
0.0040.006 
0.008>.01 
0.001 









0.1 




0.1 

0.01 



0.008 



0.03 
0.05 
0.03 
0.05 
0.05 
0.05 

0.O5 

0.03 

0.03 

0.03 

0.05 

0.01 

0.03 
0.03 
0.03 











0.1 



0.1 
0.1 
0.1 

0.03 

0.05 

0.05 

0.03 

0.03 

0.05 

0.05 
0.03 
0.1 
0.05 









0.05 
0.1 



0.05 



0.2 

0.05 



0.03 



0.2 
0.03 

0.03 



10 11 12 13 1 14, 15 16 17 

i I. 



0.1 
0.03 



0.03 




0.1 



0.10.2 
0.2 ... 



.03 



0.2 



means no fixation with 0.2 c c. 



An examination of the results of the tests with the leper serums 
and the various antigens reveals several notable features that may be 
briefly summarized as follows : All serums give positive fixation with 
one or more of the acid-fast antigens, although there is a marked 
difference in the concentration of the fixation bodies in the different 
cases. In about half the serums, for example, fixation is obtained 
with less than 0.1 cc — one having a titer of 0.0005 cc — while the 
remainder required 0.1 or 0.2 c c to give a positive result. The serums 
of higher titer give the acid-fast group reaction with all the acid-fast 
antigens; but those of low titer fail to give fixation with certain of 
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the organisms. Of the antigens, certain ones fix with every serum 
tested, and have a tendency to give fixation with somewhat smaller 
amounts of serum than the others. Those organisms that possess a 
higher antigenic value with leper serums are the same strains that 
show a similar superiority with rabbit serums immunized against acid- 
fast bacteria. About half the serums were tested with antigens from 
two nonacid-fast organisms, in order to determine the possible pres- 
ence of nonspecific fixation. Two of the serums tested, both of which 
belong to the group having a higher fixing titer with the acid-fast 
antigens, gave fixation also with one of the nonacid-fast organisms. 
All other serums tested were negative. With the simple alcoholic 
Wassermann antigen, three serums were positive; two of these have 
the highest titer with acid-fast antigens of any of the group, while the 
third is of relatively low titer. 

In general, the leper serums closely resemble the serums of rabbits 
immunized with acid-fast organisms in their behavior with bacterial 
antigens in the fixation test, and this is more especially true of those 
leper serums that have a high titer. Although there is some difference 
in the titer of each serum with the different antigens, leper serums tend 
to fix more uniformly with all acid-fast antigens than do the rabbit 
serums. In other words, the group reaction or acid-fast fixation is 
even more evident with serum from lepers than in immune rabbit 
serums. This illustrates the futility of attributing any etiologic sig- 
nificance to an acid-fast organism grown from a leper merely because 
that particular organism gives a positive fixation with leper serum. 
Such inferences made by certain workers have obviously been due to 
a lack of proper control experiments with other acid-fast antigens. 
Additional evidence of this is given by the fact that an antigen of acid- 
fast bacilli obtained from the skin lesions of a case of leprosy reacts 
less well with leper serums than some of the saprophytic acid-fast 
organisms (e. g., B. smegmatis). 

The nonspecific fixation that occurred in two of the serums with a 
nonacid-fast antigen resembles the similar nonspecific reactions found 
with immune rabbit serums of high titer and is further evidence that 
such a phenomenon may be common to many serums having a high 
antibody content. In leper serums such fixation is given only with 
many times the minimal fixing dose of serum for acid-fast antigens 
and only with serums of high titer. By the titration of a serum, 
therefore, nonspecific reactions are readily recognized. The chief 
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feature of interest in such reaction is that they may occur with certain 
naturally immunized human serums, as well as with artificially 
immunized rabbit serums. 

TABLE 8 
Complement Fixation with Leper Serums and Human Tubercle Bacilli Antigen 





Minimal 








Cases 


fixing Dose 

of Serum 

(ce) 


Type 


Remarks 




1 


0.0005 


Skin 


Terminal stage of extensive general involvement; died 








a few months later 




2 


0.002 


Skin 


Actively progressing lesions 




3 


0.004 


Mixed 


Long duration; arrested 




4 


0.006 


Skin 


Active extending lesions 




5 


0.008 


Skin 


Long duration; stationary 




6 


0.03 


Skin 


Well advanced; progressing 




7 


0.03 


Nerve 


Active lesions; deformities; trophic ulcers 




8 


0.03 


Skin 


Several years duration; inactive 




9 


0.03 


Skin 


Short duration; improving 




10 


0.03 


Skin 


Long duration; improving 




11 


0.1 


Skin 


Advanced stage; improving 




12 


0.1 


Nerve 


Advanced stage; arrested 




13 


0.1 


Nerve 


Long duration; arrested 




14 


0.1 


Mixed 


Acute exacerbation; lepra fever 




15 


0.1 


Nerve 


Boy in incipient stage 




16 


0.2 


Mixed 


Improving; clinically well few months later; 


discharged 


17 


0.2 


Nerve 


Long duration; arrested 




18 


0.2 


Nerve 


Long duration; arrested 




19 


0.2 


Nerve 


Active anesthetic type 




20 


0.2 


Nerve 


Early anesthetic type 





The relationship of the type of disease to the concentration of 
fixation substances in leper serum is graphically shown in table 8. In 
this table the minimal fixing dose of serum with human tubercle 
bacilli antigen only is given, since this antigen is one of those which 
reacted best with all serums. It is evident that the serums with the 
highest titer are from lepers with the nodular type of the disease, and 
that the cases in which the nerves alone are affected tend to have less 
antibody in the serum. The skin lesions of the nodular variety contain 
enormous numbers of acid-fast bacilli, while the purely anesthetic 
cases show as a rule relatively few organisms. It is of interest that 
the amount of fixation substances in the serum corresponds in general 
with the number of acid-fast organisms in the lesions. 

In discussing the reaction of leper serums with lipoidal antigen, 
I realize that the series studied is small and that the percentage of 
positive reactions obtained is less than the percentage of Wassermann 
reactions reported by most other observers in lepers. One significant 
feature, however, deserves mention. The two serums of the highest 
fixation titer with acid-fast reactions, gave positive reactions with the 
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lipoidal antigen. The resemblance of this lipoidal reaction in serums 
of high titer and the nonspecific fixation in such serums with other 
antigens seems more than a coincidence. A certain number of positive 
Wassermann reactions found in lepers are presumably due to a coinci- 
dent syphilitic infection. By control studies on nonlepers two authors 
(Fletcher, Sordelli and Fischer) find about 10 per cent., while the only 
other recorded observation (Baermann and Netter) shows 25 per cent, 
in individuals (Chinese) showing no signs of leprosy. It is likely that 
a titration of serum with both lipoidal and acid-fast antigens would 
show a higher titer with the former in syphilitic lepers. Such a dif- 
ference in titer was noted in the third positive case (case 10) observed 
in this series and suggests that in this instance a syphilitic infection 
may be the cause of the positive reaction rather than leprosy. As men- 
tioned earlier, however, the proportion of positive Wassermann reac- 
tions reported in lepers is higher than can be explained by coincident 
syphilis, and must depend on some additional factor. The present 
experiments indicate that a positive fixation with leper serums and 
lipoidal antigen is obtained with those cases having a high concentra- 
tion of fixation antibodies with acid-fast organisms, and that this is 
related to the nonspecific fixation found in serums of high titer with a 
number of antigens. It seems probable, therefore, that, in addition to 
the positive Wassermann reaction occurring in syphilitic lepers, an 
additional number of lepers whose serum contains a high concentra- 
tion of leprous antibody give a nonspecific reaction with lipoidal 
antigen. It is significant in this connection that in the reports from 
the literature (table 1) a very much higher percentage of positive 
Wassermann reactions has been noted in cases of nodular leprosy, and 
it is in this type that the concentration of fixing bodies is greatest. 
That certain serums have a rather high concentration of fixation 
antibodies, and that these serums react best with a number of antigens, 
may have some relation to the reports of fixation with leprosy serum 
and various antigens that have been reviewed in the early part of this 
paper. Since practically all of the observers used 0.1 cc of serum in 
the tests, it is quite probable that the leper serums that reacted posi- 
tively were those with higher concentrations of complement-fixing 
antibodies. It will be remembered that as the observations were 
grouped on the basis of the type of antigen used, an increasing per- 
centage of positive tests accompanied the use of antigens approaching 
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acid-fast bacillary emulsions, the highest percentage being given with 
the latter type of antigen. This may be explained by assuming that a 
gradually increasing number of the serums having a lower concen- 
tration of antibodies react with such acid-fast antigens or, in other 
words, give a specific acid-fast fixation. The fact that every serum 
of the group studied in these experiments gave a positive acid-fast 
reaction was unexpected, and probably due in part to the somewhat 
more delicate methods of fixation used. The additional advantage of 
having several antigens of the group tested that have uniformly been 
capable of giving fixation with small amounts of serum, may also have 
been a factor. Since the concentration of fixing bodies is so low in 
some of the serums studied as to require 0.2 c c for a positive test, it 
is quite probable that if the series had been amplified certain serums 
would have been found containing still fewer of these antibodies, so 
that even 0.2 c c of serum would contain an insufficient amount to give 
a positive reaction. There is considerable evidence to indicate that 
this variation in antibody content of different Jeper serums is one of 
the important factors on which depends the difference in the number 
of positive results reported by various observers and is probably quite 
independent of the type of antigen used. 

SUMMARY 

Leper serums contain complement-binding substances that react 
with antigens of acid-fast bacilli and give an acid-fast fixation similar 
to that obtained with serums of rabbits immunized with acid-fast 
organisms. Some serums contain these antibodies in rather high con- 
centration, notably those from cases with the nodular type of the 
disease; other serums show a relatively low antibody content. The 
serums of high titer may give a nonspecific fixation also with non-acid- 
fast antigens and with lipoidal (Wassermann) antigen, but only in 
comparatively low dilutions. It is suggested that this attribute of such 
high titer leper serums may explain a certain percentage of positive 
Wassermann reactions described in leprosy. Among the acid-fast 
antigens studied, certain organisms have superior antigenic properties 
in complement-fixation tests with leper serums. The acid-fast reaction 
given by leper serums with acid-fast bacterial antigens prevents the 
use of the complement-fixation reaction in obtaining evidence of the 
etiologic importance of any acid-fast organism isolated from leprosy. 
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BRIEF DESCRIPTION OF LEPROSY CASES 

1. — Nodular type ; Louisiana Leper Home. Old colored man with general 
infection of skin most marked on face and hands, little nerve involvement. 
Disease was in terminal stage and progressed rapidly to fatal outcome a few 
months later. 

2. — Nodular type ; University of California Dispensary. An Armenian, 40 
years old, with actively progressing tubercular skin lesions of unknown duration. 

3. — Mixed type; Louisiana Leper Home. Middle-aged white man with 
leprosy of long duration but not virulent in type. Evidences of the disease in 
both nerves and skin, but little progression 'in either. 

4. — Nodular type; University of California Dispensary. White boy, 19 
years ; with actively extending erythematous lesions generally distributed. 
Duration, 8 months. 

5. — Nodular type; Louisiana Leper Home. An old man with skin lesions 
of long duration. Disease apparently stationary. 

6. — Nodular type; University of California Dispensary. A young Chinese 
with extensive skin lesions of several months' duration. 

7. — Nerve type; Louisiana Leper Home. A young white man with active 
nerve lesions ; trophic ulcers, deformity and mutilation. 

8. — Macular type; Louisiana Leper Home. A young white man with macular 
lesions of several years' duration. The disease has not advanced beyond the 
incipient stage and is improving. 

9. — Macular type; Louisiana Leper Home. An old white man with macular 
skin lesions of short duration; disease is in incipient stage and improving. 

10. — Nodular type; Louisiana Leper Home. Young white man with 
advanced skin lesions. Condition is improving. 

11. — Macular type; Louisiana Leper Home. Incipient case with macular 
lesions of skin. Disease is improving. 

12. — Nerve type; Louisiana Leper Home. A middle-aged white man with 
nerve lesions of more than IS years' duration. Disease apparently arrested. 

13. — Nerve type; Louisiana Leper Home. A middle aged white man with 
trophic changes of long duration. The disease is still somewhat active. 

14. — Mixed type; Louisiana Leper Home. A middle-aged white woman 
with both skin and nerve involvement of one year's duration. When the blood 
was taken the disease was virulently progressive and in a stage of acute 
exacerbation (lepra fever) that lasted S months. On subsidence of fever and 
inflammatory reaction of lesions, there was considerable improvement. 

IS. — Nerve type; University of California Dispensary. A boy, IS years old, 
with lesion involving right ulnar nerve and its distribution in arm and hand. 

16. — Mixed type; Louisiana Leper Home. Middle-aged white man in incipi- 
ent stage with anesthesia of ulnar nerve distribution and infiltrated patches 
on skin of face, neck and arms. Patient was improving when specimen was 
taken and in few months all clinical and microscopic evidence of the disease 
had disappeared and patient was discharged from the Home. 

17. — Nerve type; Louisiana Leper Home. A middle-aged white man with 
trophic lesions of more than 30 years' duration. The disease is apparently 
arrested after considerable mutilation and deformity of the extremities. 

18. — Nerve type; Louisiana Leper Home. Same class as case 17. 

19. — Nerve type; Louisiana Leper Home. Middle-aged colored man. Active 
anesthetic type with evidences of active degeneration of nerves. 

20. — Nerve type; University of California Dispensary. A Japanese man, 
32 years old, with diffuse infiltrating placque of 8 months' duration covering 
left cheek and temple with anesthesia of lesion and surrounding area. 
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